We re-studied the dialyzed Na/K pumps, the experimental foundation for the twoaccess-channel model. We found that the charge-movement pump currents, the major evidence for the two-access-channel, are only observed in certain situations. Once the stimulation pulse is high enough at low ionic concentration gradient, the backward pump currents disappeared. The two-directional charge movement pump currents become uni-directional pump currents showing that ions have passed through the channel across the cell membrane.
Introduction
Functions and structures of Na/K pump have been well studied. However, the mechanisms involved in the ion-transport across cell membrane remain unclear. Since Lauger first proposed the channel-like functions in the 1970's (1), a significant effort has been committed to investigate the details of pump channel (2, 3, 4, 5, 6) .
Studies of the Polytoxin-treated Na/K pumps showed a pathway from the extrato intracellular solution (7, 8, 9) . Cysteine-scanning mutagenesis studies of -helices in transmembrane domain with MTSET or MTSES demonstrated that the amino acids in -helices affecting the channel conductance are mainly located at the ends of channel (10) (11) (12) . These studies indicated that Na/K pumps have a single channel configuration with orifices located at two ends of the channel. Synchronization of Na/K pumps (13) and modulation of the pumping rate (14) indicated that energy, instead of protein conformational changes, dominates the ion-movements through the channel which implies the single-channel configuration. Gadsby has postulated a model of the isolated single-channel configuration where Na and K ions freely move along the channel without the effects of ionic concentration gradient and the membrane potential difference (15) .
On the other hand, studies of the partially dialyzed pump molecules have showed charge-movement-like pump currents that indicate the pump channel is obstructed deeply inside the membrane which separates the pump channel into two segments (access-channels) (16, 17, 18, 19) . Both the studies of polytoxin-treated pumps (7, 8, 9) and the molecular dynamics simulations (19) showed that the external access channel has a wide open vestibule. Na and K ions are bond and occluded at end of the corresponding access-channel, transported to another access-channel through the protein conformational changes, and then released by ion-deocclusion and -unbinding. Among these steps, the ion-binding and -unbinding are sensitive to the membrane potential. This is the so-called two-access-channel model (20) .
The results and conclusions are significantly different. For the single channel configuration, the pump channel is a pathway connecting the intracellular and extracellular solutions so that Na and K ions are freely moving to cross cell membrane. Orifices at two ends of the channel alternatively open to gate the channel and select ions. For the two-access-channels model, the pumps have two separated channels connected by the "binding pocket" deeply inside the membrane domain where Na and K ions are transported from one access-channel to another by the protein conformational changes through a series of steps including ion-binding, -occlusion in one accesschannel and ion-deocclusion and -unbinding in another. It is not clear how the ATP hydrolysis energy released at the cytoplasmic loop drives the conformational changes deeply inside the transmembrane domain.
Which configuration, the single-channel or two-access-channel, is more reliable for the Na/K pumps? Whether Na-and K-ions are carried by the protein conformational changes or freely moving along the channel to cross the cell membrane?
Polytoxin uncouples the extra-and intra-cellular gates (7, 8, 9) , and cysteine mutagenesis introduces cation pathway (10, 11, 12) , neither of which are at physiological structures. In contrast, the dialyzed pump molecules remain the natural physiological structures. Therefore, we chose to re-study the internally dialyzed pumps. In the previous studies, both positive and negative stimulation pulses were applied to the cell membrane and the studies focused on the relaxation charge-movement for both the positive and negative stimulation pulses (16, 17, 18, 19) . Here, we only applied a series of negative stimulations in a wide range of magnitude at various ionic concentration gradients. The study is focused on the characteristics of charge movement currents or the relationship between the forward and backward pump currents. We found that the charge-movement pump currents or the obstructed pump channel can only be observed at certain situations. In response to a high stimulation pulse at low ionic concentration gradient, K ions can pass through the channel across the cell membrane. The two-directional charge-movement currents become unidirectional currents indicating that two separated access-channels convert to a single channel configuration. A modified singe-channel configuration model was developed to explain the structures and functions of pump channel.
Materials of Methods
The experiments were conducted on frog skeletal muscle fibers using the double Vaseline-gap voltage clamp technique. The pump molecules were internally dialyzed by eliminating both the internal and external Na ions. The recipes of the internal and external solutions are as follows.
Na-Free Internal Solution: L-Glutamic acid potassium salt monohydrate (Kglutamate) 58mM; MgSO4 6.8mM; 3-(N-Morpholino) propanesulfonic acid, 4-Morpholinepropanesulfonic acid (MOPS) 5mM; Ethylene glycol-bis (2-aminoethylether Figure 1 shows the procedure to obtain the pump currents in responding to a 2 ms, -160 mV stimulation pulse at the extracellular K concentration of 8 mM. Traces a and b were obtained before the application of 300 M ouabain and traces c and d obtained after as shown in the upper panel. Subtractions of trace b from trace a, and d from c, both showed zero current as shown in the middle panel. Lower panel is the trace c subtracted from trace b, or the ouabain-sensitive pump current. The rising-and fallingphases of the stimulation pulse generate negative and positive transient pump currents, respectively, with the similar magnitude and time-course. This is a typical chargemovement current consisting of forward and backward pump currents. Analyses of the relaxation time-course of the transient pump currents exhibit two components as shown in the lower panel. One is faster with high magnitude and another is slower having lower magnitude. The results are consistent with those obtained previously from the study of axon ( Figure 2 in ref. 19) .
Results
However, in that study (19) , the fast component of the off-charge responding to the falling-phase of the stimulation pulse is not considered as the pump currents but some kind of ouabain-induced current. The evidence was that in response to a series of stimulation pulses with the duration of 40, 150, 400 and 1000 s in measurement of the pump currents, magnitude of the fast component for the off-charge currents remains unchanged ( Figure 3 in ref. 19) . It is understandable that authors intended to use different durations of the stimulation pulse to dissect the slow and fast components. However, based on the lower panel of the Supplementary Figure 2 (in ref. 19 ), duration of the fast component is less than 20 s much short than the narrowest stimulation pulse of 40 s. It is impossible for a 40 s or longer stimulation pulse to dissect 20 s current.
In addition, as mentioned in the paper, "the fast component has similar time course and magnitude at the On and Off (19) ." It is difficult to consider the fast component of the On-charge as the pump current but rule out the fast component of the Off-charge. If the fast component of the off-charge is not the pump currents, the Offcharge will be less than the On-charge particles, which will not satisfy the requirement for the charge-movement current. Moreover, H2DTG has long been used to identify Na/K pump current where H2DTG-sensitive current has widely accepted as Na/K pump current.
In fact, similar studies of the internally dialyzed pump molecules in the presence of Na ions have showed that the H2DTG-sensitive off-charge currents have three components. All three components including fast component have been considered as the Na/K pump currents (18) .
We applied a wide range negative stimulation pulses to the cell membrane and studied the relationship between the forward and backward pump currents. Figure 2 shows the pump currents generated by a series of negative stimulation pulses from -20 mV to -200 mV when the cell membrane is held at -60 mV. Indeed, the pump currents are the charge-movement currents having the transient forward and backward components with the similar magnitude. Integration of the transient pump currents for both forward and backward components results in the similar charge particles as shown in lower panel of Figure 2 . The higher the magnitude of the stimulation pulses, the larger the transient pump currents and the more the ions were involved, which is the same as the previous study (19) .
The charge-movement-like pump currents from the dialyzed Na/K pumps are the main evidence for the two-access-channel model. The transient forward pump current elicited by the rising-phase of the stimulation pulses is always followed by a transient backward pump current generated by the falling-phase of the stimulation pulse. Both the current magnitude and the amount of charge particles are similar, indicating that the K ions moving into the channel driven by the stimulation pulse cannot reach the intracellular side but fully flow back once the stimulation is over. The pump channel is somehow obstructed deeply inside the membrane domain.
However, the similarity of the forward and backward transient pump currents remains only for certain situations. The results changed significantly when we increased the extracellular K concentrations to 40 mM. In response to the stimulation pulses up to -120 mV hyperpolarizing the membrane potential to -180 mV, the forward and backward transient pump currents remain similar, as shown zone 1 in the middle panel of Figure  3 . The On-charges remains similar as the Off-charges, as shown in the lower panel.
When the stimulation pulse increased; the backward pump currents elicited by the falling-phase of the stimulation pulses become smaller than the forward pump currents generated by the rising-phase, as shown in zone 2 of Figure 3 . Similarly, the Off-charge particles are also smaller than the On-charge particles shown in the lower panel. This indicates that the flowing-in K ions are more than the flowing-out K ions.
More specifically, the fast components of the backward pump currents were smaller than that of the forward pump currents while the slow components remained the same. The larger the stimulation pulse, the less the fast component of the backward pump current is, but the slow component remains the same.
At the magnitude of negative stimulate pulse up to about 160 mV hyperpolarizing the membrane potential to -220 mV, the fast components of the backward transient pump currents fully disappeared, while the slow components had little change. This indicates that the K ions fast flowing into the channel never flow back to the external solution when the stimulation is over. In other words, the fast components of K pump currents become uni-direction currents.
If magnitude of the stimulation pulses further increases, the slow components of the backward pump currents start to reduce. In response to a -200 mV stimulation pulse hyperpolarizing the membrane to -260 mV, the backward pump current with both fast and slow components fully vanished as shown in zone 3. This implies that all the K ions driven by the stimulation pulse flowing into the channel were no longer flowing back when the stimulation is over. The charge-movement pump currents become full unidirectional pump currents.
In other words, at higher extracellular K concentration or lower concentration gradient, a high stimulation pulse can drive K ions to overcome the obstacle in the channel to reach the intracellular solution. The uni-directional single transient pump current indicates a single electrogenic step is involved in the ion-transport across cell membrane.
We also measured the pump currents generated by the negative stimulation pulses at different extracellular K concentrations. Figure 4 shows the ratio of the Offcharge over the On-charge of the pump currents as a function of the magnitude of stimulation pulses at different extracellular K concentrations. The results are averaged from seven experiments. Error bars represent standard deviations. In response to the lower stimulation pulses, the ratio remains at about 1 regardless of the extracellular K concentration, which is the same as shown in zone 1 of Figure 3 . The pump currents are the two-directional charge-movement currents. Whatever the K ions flowing into the channel in responding to the stimulation pulse will fully flow back once the stimulation is over.
When the magnitude of stimulation pulse increases, the ratio becomes less than one indicating some of the K ions flowing into the channel no longer flow back, as shown in zone 2 in Figure 3 . The higher the concentration of the extracellular K ions, or the lower the ionic concentration gradient, the less the ratio is, or the easier for the K ions moving through the channel into the intracellular solution. At about 40 mM extracellular K ions, in response to a -200 mV stimulation pulse, the ratio is close to zero, equivalent to zone 3 of Figure 3 . The pump currents are no longer the twodirectional charge-movement currents but become uni-directional currents, K ions passing through the channel across the cell membrane.
These results are difficult to explain with the two-access-channel model. First, because the pumps are dialyzed, no ATP hydrolysis energy is available to drive the protein conformational changes. It is impossible for an electric field to generate the protein conformational changes through a series of steps. Then, how can the K ions being transported from one access-channel to another showing a uni-directional pump current?
Second, because both the ion-binding and -unbinding steps in two accesschannels are sensitive to the membrane potential resulting in two separated electrogenic steps, the pump currents crossing cell membrane should exhibit two transient components. Why do the pump currents only have one transient component?
Third, we will show latter that duration of the pump currents across cell membrane is only about 100 s, which is much shorter than both the channel currents (in ms) and gating currents (hundreds of s) for Na channels. Na channel is the protein in living system with the fastest electrical response this is because of involvement of generation and propagation of action potential. The conformational changes are relatively simple only involving shifting of a few charged amino acids in S4 domain to open or close the gate (21) . It is difficult for the pump molecules in such short time to complete a series of more complicated protein conformational changes to transport ions from one access-channel to another.
A modified single-channel model
Here, we present a model of the modified single-channel configuration. First, comparison of the two-directional charge-movements currents (either positive and negative) shown in Figure 2 and the unidirectional transient pump currents across cell membrane shown in zone 3 of Figure 3 , durations of the pump currents are very similar. The former are the K ions moving within the internal access-channel without any conformational changes while the latter are the ions moving further to the intracellular side across the cell membrane. The similar duration indicates that K ions moving across the cell membrane did not involve conformational change. The pump channel has a single-channel configuration.
Second, small stimulation pulse cannot drive K ions moving across cell membrane while a large stimulation can. Considering the ionic concentration gradient against the ion movement, the dependence of the ion-movements on the magnitude of stimulation pulse implies that energy, instead of protein conformational changes, dominates the ion-movement across cell membrane which further confirms the singlechannel configuration. Third, the extremely short time-course of the transient pump currents across the cell membrane indicates that K ions must quickly move along the channel or have high moving speed. This can also be observed by the high magnitude of the transient pump currents. The faster the moving speed of the ions, the higher the magnitude of the pump currents is.
Forth, orifices at two ends of the channel have been showed by the cysteinescanning mutagenesis studies of -helices in transmembrane domain with MTSET or MTSES (10, 11, 12) . Functions of the orifices are to isolate the channel lumen from the environments, or occlusion/de-occlusion of Na or K ions. Another function of the orifices is to select Na or K ions. The mechanisms involved in the ion-selectivity may be adapted from the ion-channel based on the ion size or ion-dehydration energy (21) . Existence of orifices can be partially proved by the limited pump currents generated by the small stimulation pulses shown in Figures 2 and 3 . In response to a low stimulation pulse of 20 mV, no pump current can be generated. Ions passing through the orifice inevitably require energy. The 20 mV stimulation pulse may not be high enough to drive K ions passing through the orifice into the channel. In contrast, if it is a wide open access-channel, the transient pump current should be generated regardless of the magnitude of stimulation pulse.
Orifice of the pump channel can also be partially proved by the distribution of the charged amino acids in the -helices of the transmembrane domain. Upper panel of Figure 5 shows the sequence of amino acids in all ten -helices in the transmembrane domain (22, 23, 24) . At two ends of the channel there are both negatively (black dot) and positively (white dot) charged amino acids distributed in different -helices. Electrostatic attracting force among those positively and negatively charged amino acids facilitates the formation of the channel orifice, as shown in the lower panel.
Indeed, studies of palytoxin-treated pump molecules (7, 8, 9) and molecular dynamic simulations of the crystallized pump structure (19) have showed the wide open vestibule of the access-channel. The former disrupted the coupling of the intra-and extracellular gate enabling both gates opening simultaneously, which inevitably affect the natural protein structures. The latter is based on the crystallized structures of pump molecules. It is not clear how the crystallized structures reflect the protein structures at physiological running condition.
For example, during the protein purification with the SDS treatment, water molecules may get into the lumen of channel. Then, the water hydrophilic force may push the hydrophobic -helices to open the orifice of the channel resulting in the wide open vestibule. Interestingly, crystallized structures of K-channel also exhibit wide open vestibule (25) . Both the functions and structures for the Na/K pumps and the ionchannels differ significantly. It is not clear why the crystallized structures both show the wide open vestibule.
Fifth, in order to ensure the fast moving ions passing though the channel, pump molecules must have some kind special arrangements in the channel to avoid the moving ions hitting the wall of channel. Interestingly, deeply inside the -helices of the transmembrane domain there are mainly negatively charged amino acids as shown in upper panel of Figure 5 . Those negatively charged amino acids located at different helices, about one at each, may form some kinds of energy array in space functioning as a collimator to align the moving ions in the lumen of channel. Molecular simulations show that the two negatively charged amino acids in turn-6 can form the collimator in Ydirection and the two negatively charged amino acids in turn-12 can form a collimator in X-axis, as shown in lower panel of Figure 5 .
As a side-effect, the negatively charged amino acids inevitably attract the Na and K ions moving along the channel or form an energy-well for the moving cations. It is necessary to point out the difference between individual negatively charged amino acids and the collimator formed by multiple spatially distributed negatively charged amino acids. For the former, the amino acids attract cations and eventually can bind with them where kinetic energy of ions is lost. In order to unbind the ions, extra energy has to be consumed. For the latter, the collimator only aligns the moving ions in the lumen of channel but can never bind with the cations so that no extra-energy is required. If the initial speed of the cations can overcome the ionic concentration gradient, the collimator will allow the ions passing through. If not, the ions will be stopped in the collimator.
Previously, energy-barrier has been proposed in the channel to explain the obstacle of the ion movements (26, 27, 28) . That is lack of the structural base because of no positively charged amino acids in the -helices to form an energy-barrier for cations. In addition, from the viewpoint of energy, it is unlikely. Extra energy will be required to overcome the barrier which inevitably reduces the energy efficiency for Na/K pump.
For the dialyzed pumps without ATP hydrolysis energy, if the stimulation pulse is high enough as shown in this paper, K ions can pass through the collimator across cell membrane showing the unidirectional pump currents. However, if the stimulation pulse is not high enough to overcome the ionic concentration gradient, the ions will be stopped in the energy-well, as if the channel is ended deeply inside the membrane showing transient forward pump currents. Once the stimulation is over, the ionic concentration gradient will drive the ions flowing back resulting in transient backward pump currents. At physiological running condition, ATP hydrolysis energy is high enough so that Na and K ions can pass through the collimator across cell membrane against the ionic concentration gradient.
Using the modified single-channel configuration to explain the experimental results
Two components of the transient pump currents Previously, the three components of the transient Na currents have been interpreted as the discrete, sequential steps in the ion-binding and -unbinding with the binding-site (18) . In fact, the sequential pattern can also be obtained from the modified single-channel configuration. In order to select Na or K ions into the channel, ions have to pass the orifice one-by-one in a sequential pattern. In addition, once getting into the channel, the electrostatic force among two ions will inevitably repel each other. The ion first getting into the channel will move faster result in the fast component of the transient pump currents with a higher magnitude, while the ion getting-in later will move slower result in the slow component with lower magnitude. If the electric stimulation pulse is not high enough to overcome the ionic concentration gradient, 2 K ions will be stopped in the collimator in a sequential pattern. Once the stimulation is over, with the same token, 2 K ions will be driven back by the ionic concentration gradient sequentially out of the channel. Upper panel of Figure 6 shows the movement of two K ions. High bar with narrow duration represents the movement of the first K ion followed by the low bar with wide duration representing the second K-movement.
Because a large amount Na/K pumps is involved in the fibers, the measured pump currents is a summation from all the pumps which may have some distribution due to imperfect synchronization. As a result, the total transient pump currents exhibit two exponential decays. The fast component represents the current summation for the first fast moving K ions from all the pumps, while the slow component stands for the current summation from all the second slow moving K ions, as shown in the lower panel of Figure 6 . This technique has been used to explain the shape of Na-channel currents from the whole-cell voltage-clamp experiments by the currents from the single-channel patch clamp measurements (29, 30) .
Reduction and elimination of the backward pump currents for the dialyzed pumps It is necessary to point out for the dialyzed pumps, no ATP hydrolysis energy is available. Electric field is the only driving force for the ion-movements to overcome the ionic concentration gradients. This can be seen by observing the relationship of the rising-phase of the membrane potential, the capacitance currents, as well as the transient pump currents shown in Figure 7 . Please notice the different scale for the currents. The total transmembrane current (mainly the capacitance currents) is associated with the rising-phase of the membrane potential (middle panel) because capacitance current is proportional to the first directive of the membrane potential. In contrast, the pump currents are delayed. Membrane potential has to be fully established before the transient pump currents start to increase and the peak is postponed for tens of s. This is similar as the voltage-dependent Na and K channel currents where some K-channels are even called delayed rectifier K channel (21) .
Trace a in Figure 8 is a cartoon of the modified single-channel configuration with the collimator or energy-well. Trace b represents the intrinsic energy-profile along the pump channel with the energy-well in the middle of channel. At 40 mM extracellular K concentration, the K-equilibrium potential is about -35 mV. The K moving-in against the concentration gradient can be expressed as the overcome of the equilibrium potential difference, the intracellular positive with respective to the reference of 0 mV at the extracellular side. Therefore, the energy-profile is titled to the positive direction with respect to the extracellular side, as shown in the trace c of Figure 8 . When the cell membrane was held at a holding potential of -60 mV, the energy-profile tilts back a little but still to the positive direction, as shown in Trace d of Figure 8 . This is because the majority of the applied membrane potential is dropped on the protein structure and little is left in the channel space to drive the ion-movements.
In responding to a negative stimulation pulse with a low magnitude, such as -80 mV hyperpolarizing the membrane potential to -140 mV, the energy-profile of the pump channel is tilted to the negative direction as shown in trace e. The K ions, once getting into the channel, will be driven by the stimulation pulse and attracted by the energy-well. Due to the low pulse magnitude, the electric field cannot overcome the ionic concentration gradient. Even though the energy-well attracts the K ions resulting in the transient inward pump currents, K ions will be eventually stopped in the energy-well as if reaching the end of channel. Once, the stimulation is over, cell membrane is returned to the holding potential, the energy-profile tilts back to the positive position so that the ionic concentration gradient will drive all the inward K ions out of the channel resulting in the outward transient pump currents, as shown in trace e in Figure 8 . The results are also shown in zone 1 of Figure 3 .
The higher the magnitude of the negative stimulation pulse, the more the negative the energy-profile tilts to. In response to a medium stimulation pulse, such as -160 mV hyperpolarizing the membrane potential to -220 mV, the energy carried by the fast components of the inward K ions will be able to overcome the ionic concentration gradient passing through the collimator flowing into the intracellular solution, while the slow component cannot because of its lower energy. As the stimulation pulse is removed, only the slow component flows back resulting in the smaller backward pump currents than the forward pump currents as shown in zone 2 of Figure 3 and trace f in Figure 8 .
In fact, the smaller fast components of the transient backward pump currents than that in the forward pump currents in responding to a -110 mV stimulation pulse have been observed previously in study of the release of Na ions from the internally dialyzed pump molecules (18) . It was called no-conservation of the fast charges between on and off voltage steps. However, the involved underlying mechanism was not further studied.
When the stimulation pulse has high magnitude, such as -200 mV hyperpolarizing the membrane potential to -260 mV, the energy-profile will be further tilted to the negative direction. All the K ions including the slow component will be more than enough to overcome the ionic concentration gradient and flowing into the intracellular solution. Therefore, there is no backward pump current in responding to the falling phase of the stimulation pulse, as shown zone 3 in Figure 3 and trace g in Figure  8 . This indicates that the obstacle in the channel can no longer hinder the ion movements. The two access-channels become a single channel configuration.
When the intracellular K concentration remains unchanged, the higher the extracellular K concentration, the less the concentration gradient, the lower the equilibrium potential of K ions, and therefore the less the energy-profile tilted to the positive direction. Consequently, in responding to the same negative stimulation pulse, the more the energy profile tilted to the negative direction, or the more the K ions can pass the energy-well flowing into the intracellular solution. In other words, the higher the extracellular K concentration, the less the magnitude of the stimulation pulse is required to drive K ions in overcoming the ionic concentration gradient to demonstrate the single channel configuration.
Effect of the extracellular pH value on the pump currents
In order to confirm the effects of collimator and energy-well due to the negatively charged amino acids deeply inside the pump channel, we redo the above experiments in the extremely low pH value, 4.6 of the external solution. The extracellular K concentration was remained at 40 mM, and again, the negative stimulation pulses from -20 mV up to -200 mV were applied to the cell membrane. The measured pump currents were shown in Figure 9 . Interestingly, in response to the same magnitude of stimulation pulses, the transient pump currents were significantly reduced but the plateau increased. These results are similar as those obtained previously from other labs (31, 32) . Most impressively, regardless of the increments in the stimulation pulse, the transient backward pump currents responding to the falling phase only slightly decreased but never disappeared. This demonstrates that most of the flowing-in K ions driven by the stimulation pulse cannot pass through the channel across the cell membrane but returning to the external solution once the stimulation is over.
Comparing pH values of 4.6 and 7.1 at physiological condition, concentration of hydrogen ions increased almost by three orders. Hydrogen ions smaller than either Na or K ions can pass through the orifice into the channel and interact with the negatively charged amino acids. Due to neutralization of the negatively charged amino acids, there will be less or no energy-well to attract the flowing-in K ions. The only driving force for the moving ions is the applied stimulation pulse. The lower speed of the flowing-in K ions result in the lower magnitude of the transient pump currents and the higher plateau. In addition, because the collimator functions is reduced. The flowing-in K ions cannot be well aligned in the lumen of pump channel. Consequently, except smaller amount of K ions can pass through the channel reaching the intracellular side, most of them may hit the wall of channel being reflected back and forth. Therefore, regardless of the magnitude of stimulation pulse, most of the flowing-in K ions will flow back once the stimulation is over.
Discussion
In this study, we re-investigated the internally dialyzed Na/K pumps, the experimental foundation for the two-access-channel model. We found that the charge movement pump currents, the main evidence of the two-access-channels model, are only observed in response to relatively small stimulations. For larger stimulations at lower K concentration gradient, the backward pump currents disappeared. The twodirectional charge-movement pump currents become uni-direction currents indicating that K ions pass through the channel across the cell membrane, or, the two accesschannels become a single channel configuration.
The pulse magnitude-dependent behavior of the pump channel indicates that it is energy, instead of the protein conformational changes, dominating the ion-transport across the cell membrane.
A model of modified single-channel configuration is introduced which well explains the experimental results. Na and K ions are freely moving along the pump channel. The negatively charged amino acids deeply inside the channel form a spatial energy-array functioning as a collimator and energy-well for the moving cations. For the dialyzed pumps without ATP hydrolysis energy, a small stimulation pulse cannot drive K ions to overcome the ionic concentration gradient so that the K ions will be stopped in the collimator or energy-well. Once the stimulation is over, ionic concentration gradient will drive K ions back to the external solution. The results imply that as if the pump channel is obstructed into two segments or two access-channels. However, if the stimulation pulse is high enough that can drive K ions to overcome the ionic concentration gradient, the ions can pass through the channel across the cell membrane showing a single-channel configuration.
Dialyzed pumps vs. synchronized pumps at physiological running condition
Due to random pumping pace, study of a group of pumps at physiological running condition cannot reveal the details of pump molecules. For the dialyzed pumps, pumping cycle from all the pumps are interrupted at the same step. Stimulation triggers the partial reaction from all the pumps simultaneously. From this aspect, the dialyzed pump is a platform to study details of Na/K pumps. However, the pumps are only synchronized to the specific step where the pumping cycle was interrupted. Because of the inability to hydrolyze ATP, the electric stimulation-triggered partial reactions cannot reflect the pump functions at physiological condition.
For example, as mentioned above, the ionic concentration gradient for the K ions is only about 35 mV of the equilibrium potential. Nevertheless, we have to use an extremely large stimulation pulse of -200 mV at the membrane holding potential of -60 mV, totally -260 mV, to overcome the ionic concentration of 35 mV in order to drive K ions across the cell membrane. Otherwise, K ions cannot pass through the channel. As mentioned above, large amount of the applied electric field is dropped on the protein structure, and little is left in the channel to drive ion-movements.
At physiological running condition ATP hydrolysis energy can directly drive Na and K ions moving along the channel to overcome the ionic concentration gradient regardless of the membrane potential. Therefore, the pumps always show a singlechannel configuration in a wide range of the membrane potentials.
As a result, in order to study the details of Na/K pumps, we need to synchronize the pump molecules at physiological running condition. Once the pumps are synchronized to all the steps throughout the pump cycle, signals from the individual steps will be superimposed correspondingly. The synchronized pump currents will behavior like a real-time semi single-pump current revealing many details of the Na/K pumps. The results will be reported separately. The high bars with short duration represent the first K ions getting into the channel moving fast while the low bars with long duration stand for the second K ions getting-in the channel moving slower. Bottom trace: the macroscopic pump currents from the current-summation (N=200) showing two components of the transient pump currents. Two solid lines are the fitted curves for the two components.
Legends

Figure 7 Comparison of the membrane potential and the transient pump currents
Upper panel: Rising-phase of the membrane potential; Middle panel: the capacitance currents; Lower panel: the transient pump currents. Pump currents start to increase after the membrane potential has been fully established and the peak values delays for a few tens of s. 
